1. Introduction {#s0005}
===============

In the United States, smoking prevalence remains high among subpopulations of ethnic groups ([@b0185]). Based on the National Survey on Drug Use and Health, 9% of Asian Americans (age 18 + ) are smokers in comparison to 16.6% of Whites. However, this comparison does not account for within group differences and only includes predominantly English speakers. For example, smoking prevalence is estimated between 21% and 41% for Asian American men, including Chinese and Vietnamese American men, who have limited English proficiency ([@b0040], [@b0060], [@b0110], [@b0135], [@b0155], [@b0260]).

Individual-level factors contributing towards disparities in tobacco use have been widely studied. Research suggests language, education, immigration status, age, socioeconomic status, and ethnic ancestry play a role in Asian Americans' smoking ([@b0115], [@b0305]). As tobacco use remains socially acceptable especially among men in Asian countries such as China and Vietnam where only a small percentage of smokers (2% and 8%, respectively) report intention to quit ([@b0205]), male immigrants from these countries tend to have a higher tobacco use and smoking prevalence. On the contrary, in the United States, with advanced tobacco control efforts, a majority of smokers are considering quitting smoking ([@b0010]). Pooled data from the 2013--2017 California Health Interview Survey showed more than 70% of smokers in California were thinking about quitting smoking in the next 6 months, while less than 50% of Asian smokers with limited English proficiency had a similar quit intentions ([@b0040]). Yet, there remain within group differences in quit intention by different subpopulations.

A study of 1374 Asian American smokers found differences in the intention to quit across Asian ethnic groups. Chinese smokers showed the least desire to quit while Vietnamese smokers showed the most desire to quit in one month (33% vs 45%) ([@b0175]). Other correlates that have been found to be associated with intention to quit include age, socio-economic status, number of cigarettes smoked per day, number of years of smoking, parental smoking, family conflicts (e.g., [@b0275], [@b0280]). Intention to quit smoking has predicted quit attempts and smoking abstinence across studies ([@b0285]), thus, a better understanding of the individual correlates to increase motivations of smokers and support them to quit smoking is an important focus of many cessation control programs.

While individual-level factors are important, an increasing number of studies have highlighted the role of the built environment towards contributing to health disparities ([@b0080], [@b0200]). In the context of smoking behavior, tobacco retail density and proximity to tobacco retailers are viewed as measures of built environment. Tobacco retailer density is negatively associated with neighborhood income and positively associated with ethnic minority groups ([@b0150], [@b0160], [@b0225], [@b0240], [@b0255], [@b0300]). High density of tobacco retailers is negatively associated with quitting smoking ([@b0045], [@b0145], [@b0210]). Tobacco prices also tend to be lower in low-income neighborhoods, ([@b0065], [@b0090]), which could reinforce smoking behavior in certain communities. In a longitudinal study of adult smokers in Houston, residential proximity to tobacco retailers reduced the odds of abstinence ([@b0230]). Another study examined geospatial exposure to point of sale tobacco and real-time craving using ecological momentary assessment found frequent point of contact was associated with lapsed outcome ([@b0140]).

Neighborhood socio-economic characteristics and income inequality have also been found relevant to smoking cessation. In a smoking cessation trial with among African Americans, neighborhood unemployment was a significant predictor of smoking abstinence even after accounting for individual employment and income status ([@b0130]). As neighborhood ethnic segregation tends to be related to income and income inequality, it would be of importance to understand whether living in a homogenous neighborhood of one's own ethnicity promote or reinforce certain behaviors, including smoking. Yet, in a systematic review on segregation and health found only two studies that assessed the relation with smoking. Both studies found positive association between residential segregation and smoking ([@b0295]). A study based on 212 metropolitan statistical areas investigating the association between residential segregation and smoking among African-American women during pregnancy found that both a low level of segregation and, seemingly paradoxically, a high level of segregation were associated with greater odds of smoking. However, no association was found with moderate level of segregation ([@b0030]). Given the limited understanding on how contextual factors drive differences in motivation to quit smoking among different ethnic groups, especially in intervention research, the purpose of this study was to assess how individual and neighborhood factors were associated with smokers' intention to quit among two Asian American groups.

2. Methods {#s0010}
==========

2.1. Study sample {#s0015}
-----------------

We used baseline data from 340 Chinese and Vietnamese male daily smokers who were enrolled in a lifestyle intervention research trial, which was designed to promote smoking cessation, healthy eating, and physical activities. Eligible criteria included: 1) age 18 and older, 2) self-identification as ethnic Chinese or Vietnamese, 3) ability to speak and read Chinese or Vietnamese, and 4) daily cigarette smoking (having smoked at least one cigarette daily in the previous 7 days). In addition, smokers were required to participate with one non-smoking adult family member who live in the same household with no use of tobacco in the past 12 months. Participants had to agree to attend 2 in-person small group sessions led by a lay health worker (LHW). Participants received \$25 for completing the baseline survey that provided the data for the present study.

Four community-based organizations (CBOs), based in San Francisco and Santa Clara Counties in Northern California, partnered with the research team to recruit participants. The CBOs recruited 61 Chinese or Vietnamese women and men to serve as Lay Health Worker (LHWs) to recruit smokers and their family members to the study. LHWs must report no use of tobacco including e-cigarette in the past 12 months, and had no certification or licensure in the U.S. as a health professional. The CBOs worked with LHWs, through their social networks and/or advertisements to recruit smoker-family dyads. The study was described as a research project to examine different approaches to promote healthy eating, physical activity, and smoking cessation. At the time of recruitment, participants were informed that quitting smoking was not an expectation nor a requirement for participation. LHWs were not randomized until they had completed recruitment of or were assigned at least 2, but up to 7 eligible smoker-family dyads. After UCSF research staff confirmed smoker and family member participants' eligibility by telephone, participants then completed a baseline survey. LHWs and their participants were randomized into either the Smoking Cessation (SC) or Healthy Living (HL) groups. After randomization, LHWs received two additional training sessions on the assigned health topic. The present study is based on the data collected at baseline, prior to randomization.

Given that the participants were recruited predominantly from two major counties in the Greater San Francisco Bay Area -- San Francisco and Santa Clara -- this study provides a unique opportunity to assess how the environmental and neighborhood context of a city could be associated with the within-group differences in bolstering the motivation to quit smoking.

3. Measures {#s0020}
===========

3.1. Dependent variable {#s0025}
-----------------------

Our response variable was assessed by asking participants "Are you planning to quit in the next 30 days?" Similar measures to assess intention to quit smoking have been applied to Asian American smokers ([@b0265], [@b0270], [@b0275]) as well as general population of the United States ([@b0215], [@b0285]) and globally ([@b0205]). Participants' intention to quit smoking within 30 days was coded dichotomously (yes vs no/don't know).

3.2. Covariates {#s0030}
---------------

We examined covariates at the individual and neighborhood levels. Individual-level covariates included participants' sociodemographics: ethnicity (Chinese vs Vietnamese), marital status (married vs others), age, education (\<high school, high school, some college or beyond), self-reported household annual income (less than \$20,000, \$20,000 or more, or unknown), self-rated health ("excellent"/"very good"/"good" vs "fair"/"poor") and years lived in the U.S. Years lived in the US was rescaled by 10 for meaningful interpretation. Participants' smoking characteristics included nicotine dependence, which was assessed by time to first cigarette smoked after awakening (within 30 minutes vs \>30 minutes), and intensity of daily cigarette smoking, which was dichotomized (\<10 cigarettes vs 10 or more).

Neighborhood measures were obtained by geocoding participants' residential addresses in Maptitude, a software by Caliper Corporation™. To define neighborhoods, we used buffers of 1000 feet around each participant's home location and estimated socio-demographic characteristics and tobacco retailers within this buffer zone. Our choice of defining neighborhood based on 1000 feet was based on a combination of factors. Proximity and density-based policies for regulating tobacco retailers are usually are based on 500 or 1000 feet ([@b0245]) and hence studies examining the impact of retail density on ethnic disparities usually use one of these measures ([@b0195], [@b0235], [@b0290]). Other studies on proximity and density of tobacco retailers have used distances from 800 m up to ½ mile radius or even 2 km in some cases ([@b0095], [@b0235], [@b0250]). In the context of smoking, alcohol, and health outcomes such as obesity, neighborhoods are usually based on what is perceived as a reasonable walking distance ([@b0105], [@b0170]). Our approach to defining neighborhoods by using buffers around participants' home locations differs from studies that define neighborhood based on administrative boundaries such as county, census tracts, or zip code. Assigning a participant, a census tract or zip code based on where they live becomes an issue especially when participants live at the edge of a census tract ([@b0100]). Another limitation of defining neighborhood based on administrative boundaries is it cannot account for cross-boundary interactions ([@b0100]).

To estimate socio-demographic characteristics within the neighborhoods, an overlay procedure was used within these buffers. This procedure uses areal weighting to disaggregate the data from a higher administrative unit or political boundaries and can be used to estimate demographics from multiple census tracts or administrative boundaries that fall within the same buffer ([@b0070], [@b0085], [@b0170]). For example, if three census tracts fall within a 1000 feet buffer, then the variable is weighted based on the proportion of the census tract that falls within the buffer.

Based on this procedure, we obtained estimates of neighborhood median household income, percent of Chinese residents, percent of Vietnamese residents, and counts of tobacco retailers. We included percent of people belonging to their own ethnicity who lived in the neighborhood as a measure of ethnic concentration. Neighborhood median household income was rescaled by \$10,000 and tobacco retailer counts were rescaled by 5 for the ease of interpretation.

3.3. Statistical analysis {#s0035}
-------------------------

We used generalized estimating equations to examine individual and neighborhood effects while accounting for clustering between participants from the same lay health worker group. We conducted two logistic regression models. Model 1 examined the association between intention to quit and individual factors including ethnicity, marital status, income, years lived in the U.S., intensity of cigarette smoking, and nicotine dependence. Model 2 added neighborhood measures to Model 1 to examine influences from the neighborhood factors on intention to quit. We added neighborhood median household income, tobacco retailer density, and ethnic composition of participants in the neighborhood in Model 2. A significance level of 0.05 was used for all statistical tests.

4. Results {#s0040}
==========

[Table 1](#t0005){ref-type="table"} depicts individual and neighborhood characteristics by intention to quit smoking. Among the 340 Chinese and Vietnamese male daily smoker participants aged between 21 and 83 with nearly half smoked at least 10 cigarettes per day, only 25% indicated intention to quit within 30 days. Chinese participants had lower intention to quit smoking than Vietnamese participants in the study sample, Χ^2^ (2, N = 340) = 24.31, p \< 0.01. Participants who intended to quit smoking had lived longer in the U.S. (p \< 0.01). At the neighborhood level, a wide variation was observed in ethnic composition of the participant's neighborhood, the percentage of Chinese in the neighborhood varied from less than one percent to 83% and the Vietnamese population in the neighborhood ranged from less than 1 percent to nearly 50%. Participants who did not intend to quit lived in higher income neighborhood (t(3 3 8) = 2.11, p = 0.02). Participants who did not intend to quit lived in neighborhoods with a higher percentage of Chinese in the neighborhoods, t(3 3 8) = 3.82, p \< 0.01, and in neighborhoods with a lower percentage of Vietnamese, t(3 3 8) = -3.63, p \< 0.01. Tobacco retailer density was not significantly associated with intention to quit in the bivariate model.Table 1Individual and neighborhood characteristics of the participants by intention to quit smoking. Participants were sampled from the San Francisco Bay Area from August 2015 to November 2017 (N = 340).Entire Sample\
(n = 340)Intended to quit within 30 days\
(n = 86)No Intention to quit within 30 days\
(n = 254)P values\**Individual-level Characteristics*Ethnicity\<0.01 Chinese50.88% (n = 173)27.91% (n = 24)58.66% (n = 149) Vietnamese49.12% (n = 167)72.09% (n = 62)41.34% (n = 105)Age Mean (SD)54.61 (12.65)56.63 (12.33)53.92 (12.71)0.08Education0.37 Less than high school44.35% (n = 149)47.06% (n = 40)43.43% (n = 109) High school30.65% (n = 103)24.71% (n = 21)32.67% (n = 82) Some college and beyond25.00% (n = 84)28.24% (n = 24)23.90% (n = 60) Missingn = 4n = 1n = 3Marital status0.05 Married/ living with a partner88.24% (n = 300)82.56% (n = 71)90.16% (n = 229) Other11.76% (n = 40)17.44% (n = 15)9.84% (n = 25)Annual household income0.82 Less than \$20,00040.29% (n = 137)38.37% (n = 33)40.94% (n = 104) \$20,000 or more40.88% (n = 139)40.70% (n = 35)40.94% (n = 104) Income not reported (Unknown)18.82% (n = 64)20.93% (n = 18)18.11% (n = 46)Years lived in the U.S. Mean (SD)13.96 (11.18)17.83 (12.38)12.61 (12.61)\<0.01 Missingn = 6n = 0n = 6Self-rated health0.41 Excellent/very good/good47.34 (n = 160)51.16 (n = 44)46.03 (n = 116) Fair/poor52.66 (n = 178)48.84 (n = 42)53.97 (n = 136) Missingn = 2n = 0n = 2Cigarettes smoked per day0.35 Less than 1053.82% (n = 183)58.14% (n = 50)52.36% (n = 133) 10 or more46.18% (n = 157)41.86% (n = 36)47.64% (n = 121)Time to first cigarette after awakening0.30 Within 30 min48.53% (n = 165)54.65% (n = 47)46.46% (n = 118) After 30 min51.47% (n = 175)45.35% (n = 39)53.54% (n = 136) Missingn = 9n = 0n = 9*Neighborhood-level Characteristics*Percent of Chinese in the neighbourhood\
Mean (SD)23.65 (22.55)15.77 (18.48)26.31 (23.2)\<0.01Percent of Vietnamese in the neighbourhood\
Mean (SD)10.03 (12.26)14.10 (13.58)8.65 (11.48)\<0.01Neighborhood Median Income (\$)\
Mean (SD)66,975 (28,256)61,442 (21,925)68,849 (29,906)0.03Number of Tobacco Retailers in the Neighborhood\
Mean (SD)6.62 (10.16)5.52 (9.7)7.00 (10.30)0.24[^1][^2]

[Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"} depict the spatial variability in tobacco retailers in the neighborhoods and the median household incomes of the participants. As shown in these figures, even though San Francisco is geographically a much smaller county in comparison to Alameda and Santa Clara, some of the participants lived in neighborhoods with fewer tobacco retailers. In contrast, even though Santa Clara and Alameda county are geographically much larger, there remain geographic pockets with a larger number of tobacco retailers in comparison to the rest of the neighborhoods where the participants lived. A similar heterogeneity could also be observed with median household income. While several participants lived in neighborhoods with high median household of over \$90,000, across the three counties, some of the participants lived in neighborhood with median household income of less than \$45,000.Fig. 1Spatial variation in the distribution of tobacco retailers within 1000 feet buffer around a participant's home location in the study area.Fig. 2Spatial variation in the distribution of median household income within a 1000 feet buffer around a participant's home location in the study area.

Regression results ([Table 2](#t0010){ref-type="table"}) based on the individual-level model revealed that Vietnamese Americans had a higher intention to quit smoking within the next 30 days compared to Chinese Americans (OR 2.90, 95% CI 1.59--5.26). For every 10 additional years lived in the U.S., a participant was more ready to quit in the next 30 days (1.42, 95% CI 1.11--1.83). This association remained significant even after accounting for neighborhood factors. Interestingly, after accounting for neighborhood factors, there was no association between Vietnamese American ethnicity and intention to quit. Neighborhood median household income and tobacco retailer counts were negatively associated with the intention to quit. For every \$10,000 increase in median neighborhood income, participants were less ready to quit smoking (OR 0.74, 95% CI 0.64, 0.86). And for every 5 additional tobacco retailers in the neighborhood, participants were less ready to quit (OR 0.79, 95% CI 0.67--0.94).Table 2Individual and neighborhood correlates of intention to quit: Results from multivariable logistic regression models.VariableModel 1\
OR (CI)p-valueModel 2\
OR (CI)p-valueIndividual-level characteristicsEthnicity (Referent: Chinese) **Vietnamese2.90 (1.59**--**5.26)\<0.01**2.04 (0.83--5.01)0.11Age1.01 (0.98--1.03)0.431.00 (0.98--1.03)0.65Education (Referent: \< high school) High school0.94 (0.48--1.82)0.851.06 (0.53--2.13)0.86 Some college or beyond0.88 (0.44--1.74)0.720.97 (0.46--2.03)0.94Marital Status (Referent: Single) Married/living with a partner0.50 (0.22--1.12)0.090.42 (0.17--1.02)0.05Annual Income (Referent: \<20 K) 20 K or more0.99 (0.52--1.89)0.980.96 (0.49--1.88)0.91 Unknown0.75 (0.35--1.61)0.460.68 (0.30--1.52)0.34**Years lived in the US1.42 (1.11**--**1.83)\<0.011.44 (1.10**--**1.87)\<0.01**Self-rated Health (Referent: Poor) Excellent/very good/ good1.21(0.71--2.08)0.471.12 (0.64--1.97)0.67Cigarettes smoked per day (Referent: 10 or more) \<10 cigarettes per day1.20 (0.66--2.18)0.551.15 (0.61--2.15)0.65Time to first cigarette (Referent: within 30 min) More than 30 min after awakening0.79 (0.44--1.43)0.450.69 (0.37--1.28)0.24Neighborhood FactorsNot Included**Median household income**----**0.74 (0.64**--**0.86)\<0.01**Percent of Chinese in neighborhood----0.98 (0.96--1.00)0.15Percent of Vietnamese in neighborhood----1.00 (0.97--1.03)0.74**Tobacco Retailer Counts**----**0.79 (0.67**--**0.94)\<0.01**[^3]

5. Discussion {#s0045}
=============

Limited studies have assessed the role of spatial or contextual factors in randomized control trial or intervention studies ([@b0005], [@b0120], [@b0220]). By demonstrating differences in intention to quit in two Asian American groups at baseline, this study shows how neighborhood characteristics and context of place also play a role in reinforcing individual behavior. Existing studies that have examined association between neighborhood characteristics and ethnic minorities ([@b0160], [@b0225]) have not examined factors that influence disparities in smoking and quitting within ethnic minority groups in the U.S. ([@b0055]). Our study was among the first studies to examine association between spatial or neighborhood variations and intention to quit smoking among Chinese and Vietnamese American male smokers. The findings demonstrate the need to understand contextual factors that contribute to disparities within and between certain groups. One implication from these findings is that interventions that aim to address tobacco-related health disparities by changing individual behaviors should also carefully consider the potential role of neighborhood factors or community-based determinants in contributing to the disparities.

At the individual level, without consideration of the neighborhood contexts, participants' ethnicity was associated with intention to quit. Similar results were reported from a cross-sectional study with multiple Asian groups suggesting Chinese smokers were less motivated to quit smoking than Vietnamese ([@b0175]). Based on our study sample, we may be able to attribute some of these differences between Chinese and Vietnamese to the socio-demographic characteristics. For example, Vietnamese participants also had lived longer in the US when compared to the Chinese participants (15.5 vs 12.4 years, p = 0.01). Years lived in the US was a significant correlate of increased odds of intention to quit in our sample. This is consistent with some research documenting the association between acculturation and smoking cessation ([@b0050], [@b0180]). Since many of the immigrants come from countries which have a high burden of tobacco use and where smoking is readily accepted in the culture, living for a longer time in the US, especially in places with stricter tobacco control policies affects social norms, and therefore may influence individual behavior ([@b0050], [@b0180]). However, when neighborhood factors were accounted for, specifically neighborhood income and tobacco retailer density, ethnicity was no longer significantly associated with quit intention. These findings suggest that the difference observed between Chinese and Vietnamese participants in quit intention were due to neighborhood factors rather than individual characteristics.

At the neighborhood level, we found participants who lived in neighborhood with high tobacco retailers had a lower intention to quit in comparison to those that lived in neighborhoods that had fewer tobacco retailers. Our findings support previous findings showing associations between tobacco retailers near home environment and exposure to tobacco advertising and youth smoking ([@b0095], [@b0160], [@b0165], [@b0250]). However, these studies have focused on younger adults and not on older, more established smokers who are trying to quit. Our findings support ongoing policy efforts aimed at reducing the density of tobacco retailers to reduce the ubiquitous availability of tobacco products, lower exposure to advertising and marketing and environmental cues that influence smoking behavior.

Interestingly, we found a negative association between neighborhood income and intention to quit. This could be due to the characteristics of our respondents as many of the participants belonged to low-income group, yet the neighborhood median household income in which they lived were much higher than their individual income. While this finding seems contradictory to the existing literature, it warrants additional investigation into the association between income inequality and intention to quit as several studies have found the role of area-level income inequality in health behavior and outcomes ([@b0020], [@b0035], [@b0075], [@b0125], [@b0190]). Unlike previous studies that have shown association between residential segregation or ethnic concentration and smoking behaviors or other health outcomes ([@b0015], [@b0025], [@b0030]), we did not find an association between neighborhood ethnic density and intention to quit.

5.1. Limitations and strengths {#s0050}
------------------------------

This analysis is from a subset of data originally collected as part of a larger study. Furthermore, the sampling was designed to recruit smokers who were from two Asian American groups, Chinese and Vietnamese Americans in two specific California counties, San Francisco and Santa Clara. The participants could be over-sampled from some neighborhoods in comparison to others. Therefore, the sample of smokers may not be geographically representative. Another limitation of the study is the relatively small sample size in comparison to studies that are based on nationally-representative sample or population-based samples for larger regions.

Our outcome variable is the intention to quit and not actual abstinence even though research has shown strong associations between quit intention to quit attempts and abstinence prospectively ([@b0285]). Intention to quit within a specific time period provides valuable insights on the characteristics of "hard to engage smokers" and how the intervention changed their behavior subsequently. As such understanding these differences at the baseline become even more important in the context of intervention studies. Our neighborhood measures mainly capture the environment around participants' home locations, as we did not have information around their work locations. Hence, we could not capture the retail environment around their workplaces.

6. Conclusion {#s0055}
=============

Overall, we found that both individual and neighborhood factors were associated with intention to quit smoking within 30 days among Chinese and Vietnamese male daily smokers in Northern California who were predominantly immigrants with limited English proficiency. There were ethnic differences observed in their intention to quit smoking, but the differences were explained by neighborhood factors in multivariable analyses. Lower neighborhood median household income, lower tobacco retailer counts, and longer length of residency in the U.S. were associated with having an intention to quit smoking. Findings underscore the significance of taking neighborhood factors into account in designing smoking cessation interventions when targeting subgroups of Asian American smokers where smoking prevalence remains high with a majority of the smokers had no intention to quit smoking within 30 days.
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[^1]: \*P-values are comparisons by quit intention groups using *t*-test or chi-square tests for continuous and categorical variables, respectively.

[^2]: Note: Percentages were computed based on non-missing values with exception of income. The number of participants with missing values are noted for these variables: education, years lived in the U.S., self-rated health, and time to first cigarette. Other variables did not have missing data.

[^3]: Note: Significant correlates attained p \< 0.05 are marked in bold.
